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Abstract 
On Tuesday, November 17, 2015 at 07:10:07 (UTC) a strong earthquake struck 
Lefkas Island (Ionian Sea, Western Greece) with magnitude Mw 6.4, depth of about 7 
km and epicenter located 20 km southwest of Lefkas town. The seismic activity in the 
region was essentially expected after the 2003 Lefkas earthquake and the 2014 
Cephalonia earthquakes. Between these earthquake affected areas, the tectonic 
stresses were not released after the 1948 Lefkas earthquakes. Instead, they were 
intensifying and accumulating until the generation of the 2015 event. It was felt in 
Lefkas and the surrounding region and caused the death of 2 people, the injury of 8 
others, earthquake environmental effects (EEE) and damage to buildings and 
infrastructure. Secondary EEE were observed in western Lefkas and included ground 
cracks, slope movements and liquefaction. Primary effects were not detected in the 
field. Buildings damage were mainly observed in villages of Dragano-Athani graben 
in southwestern Lefkas. Among structures constructed with no seismic provisions, the 
stone masonry buildings and monumental structures suffered most damage, while the 
traditional buildings with dual structural system performed relatively well. 
Reinforced-concrete buildings were affected not so much by the earthquake itself but 
by the generation of secondary effects. 
Keywords: Ionian Islands, strike-slip earthquake, active tectonics, earthquake 
environmental effects, earthquake-induced building damage. 
Περίληψη 
Την Τρίτη 17 Νοεμβρίου 2015 στις 09:10:07 (τοπική ώρα) εκδηλώθηκε σφοδρή 
σεισμική δόνηση μεγέθους Mw 6.4, βάθους περί τα 7χλμ και με επίκεντρο σε απόσταση 
20 χλμ νοτιοδυτικά της πόλης της Λευκάδας. Η σεισμική δραστηριότητα στην περιοχή 
ήταν ουσιαστικά αναμενόμενη σε μεσοπρόθεσμη κλίμακα μετά τον σεισμό της Λευκάδας 
το 2003 και τους σεισμούς της Κεφαλονιάς το 2014. Στον ενδιάμεσο χώρο οι 
γεωτεκτονικές δυνάμεις δεν είχαν εκτονωθεί μετά τους σεισμούς του 1948 με 
αποτέλεσμα την εκδήλωση του πρόσφατου σεισμού, που έγινε αισθητός σε όλη τη 
Λευκάδα και την ευρύτερη περιοχή προκαλώντας το θάνατο 2 και τον τραυματισμό 8 
κατοίκων, εκτεταμένες δευτερογενείς επιπτώσεις στο περιβάλλον και βλάβες στα κτίρια 
και τις υποδομές του νησιού. Οι δευτερογενείς επιπτώσεις στη δυτική Λευκάδα 
διακρίθηκαν σε εδαφικές ρωγμές, αστοχίες πρανών και ρευστοποίηση. Πρωτογενείς 
επιπτώσεις δεν παρατηρήθηκαν. Κτιριακές βλάβες σημειώθηκαν κυρίως σε οικισμούς 
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στο βύθισμα Δράγανου-Αθάνιου στη νοτιοδυτική Λευκάδα. Από τα κτίρια, που έχουν 
κατασκευαστεί χωρίς αντισεισμικό σχεδιασµό, τα πετρόκτιστα κτίρια και οι ιστορικές 
και μνημειακές κατασκευές υπέστησαν τις σοβαρότερες βλάβες, ενώ τα παραδοσιακά 
κτίρια με διπλό δομικό σύστημα ανάληψης φορτίων συμπεριφέρθηκαν ικανοποιητικά. 
Τα κτίρια με οπλισμένο σκυρόδεμα επηρεάστηκαν όχι τόσο από το σεισμό αλλά από τις 
δευτερογενείς επιπτώσεις του στο περιβάλλον. 
Λέξεις κλειδιά: Ιόνια νησιά, σεισμός οριζόντιας ολίσθησης, ενεργός τεκτονική, 
σεισμικές περιβαλλοντικές επιπτώσεις, σεισμικές βλάβες κτιρίων. 
1. Introduction 
In the morning of November 17, 2015 (07:10:14.6 UTC; 09:10 local time), an earthquake occurred 
in Lefkas Island (Ionian Sea, western Greece) (Fig. 1). It was assessed as Mw 6.4 (NOA, GFZ, 
UPSL, INGV) or Mw 6.5 (USGS, GCMT). It was felt predominantly on the western part of Lefkas 
and throughout the Ionian Islands, the western continental Greece and Peloponnese. It caused the 
death of 2 people and the injury of 8 others. Based on preliminary data provided by GCMT, INGV, 
USGS, IPGP and NOAGI, the epicenter is located in the western offshore area of Lefkas, while 
according to UPSL, AUTH and GFZ the epicenter is located in the western onshore part of Lefkas. 
Based on preliminary data provided by national and international seismological institutes (GCMT, 
USGS, INGV, UPSL, AUTH, GFZ, NOAGI, IPGP) the main shock is consistently located at depths 
of 7-15 km and the fault plane solutions demonstrate a NNE-SSW striking dextral strike-slip seismic 
fault with a reverse component that dips east at a high angle (Fig. 1). The main shock has been 
followed by a magnitude 5.1 earthquake at 08:33:40.8 UTC (10:33 local time) with its focus located 
at 38.65°N, 20.56°E at depth of 9 km (NOAGI). Western Lefkas suffered the most damage induced 
by the earthquake in the natural environment, the building stock and infrastructure. The earthquake 
environmental effects and building damage were mapped during our field reconnaissance in Lefkas 
Island immediately after the earthquake and are presented here. 
2. Geodynamic setting 
The island of Lefkas is located in the central part of the Ionian Sea (western Greece) (Fig. 1a) which 
is one of the most seismically active parts in the Mediterranean region (Makropoulos and Burton, 
1984) with high seismicity rate and earthquake magnitudes up to 7.4 (Papazachos, 1990; Louvari et 
al., 1999). Thus, Lefkas belongs to the third zone (zone III) in the Seismic Hazard Map of Greece 
(EPPO, 2003) with a design ground acceleration of 0.36 g, which is the highest for Greece. The 
primary tectonic structure affecting the area is the Cephalonia Transform Fault Zone (CTFZ in Fig. 
1). Seismological data indicate dextral strike-slip focal mechanisms (Scordilis et al., 1985; Anderson 
and Jackson, 1987; Jackson and McKenzie, 1988; Papadimitriou, 1993; Papazachos and Kiratzi, 
1996), which is in agreement with geodetic GPS data revealing dextral strike-slip motion of 3 
cm/year (Cocard et al., 1999; Jenny et al., 2004). The CTFZ is composed of two segments; the 
Lefkas segment (LS in Fig. 1b) to the north located west of Lefkas Island and the Cephalonia 
segment (CS in Fig. 1b) to the south located west of Cephalonia Island (Scordilis et al., 1985; Kiratzi 
and Langston, 1991; Louvari et al., 1999). The LS extends with a length of about 40 km from the 
northwestern offshore part of Lefkas to the northern offshore part of Cephalonia Island (Fig. 1b). It 
strikes in a NE-SW direction (Fig. 1b), dips to the ESE and is characterized by a dextral strike-slip 
motion combined with a small thrust component involved in the movement. The CS occurs with a 
length of about 90 km close to the western offshore part of Cephalonia. The CTFZ plays a key role 
in the region’s geodynamic complexity (Sorel, 1976; Mercier et al., 1987; Taymaz et al., 1991; Le 
Pichon et al., 1995; Papazachos and Kiratzi, 1996; Louvari et al., 1999) The CTFZ connects the 
subduction boundary to the south to the continental collision between the Apulian microplate and 
the Hellenic foreland to the north. It also separates the slowly northward and northwestward moving 
(5 mm/year with respect to Eurasia) northern Ionian Islands from the rapidly southwestward moving 
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(6-30 mm/year) central Ionian Islands (Anzidei et al., 1996; Hollenstein et al. 2006, 2008) and, 
therefore, represents a major boundary of the kinematic field in Greece. 
 
Figure 1 - (a) Structural sketch of the Hellenic Arc showing the location of Lefkas Island at 
the northwesternmost part of the Hellenic Arc [after Mariolakos and Papanikolaou (1981, 
1987), modified], (b) The epicenter of the 2015 Lefkas earthquake, its fault plane solution 
and its aftershocks sequence from November 17 to December 1 2015 based on earthquake 
catalogues provided by AUTH (2015). Two distinct clusters are clearly defined by the 
aftershocks distribution: the northern cluster located in a distance of about 5 km from the 
epicenter of the main shock and the southern located in a distance of about 15 km southwest 
of the epicenter of the main shock. 
Lefkas comprises (a) alpine formations that belong to Ionian and Paxoi (Pre-Apulian) geotectonic 
units, (b) molassic formations and (c) recent deposits that lie unconformably on the previous 
formations (Renz, 1955; Bornovas, 1964; BP, 1971; Lekkas et al., 1999, 2001; Rondoyanni 1997; 
Triantafyllou, 2010; Rondoyanni et al., 2012) (Fig. 2a). The largest part of Lefkas belongs to the 
Ionian unit, while only the southwestern part of the island and more specifically Lefkata peninsula 
comprises Paxoi formations (Fig. 2a). Ionian unit is composed of the Triassic evaporites, the Upper 
Triassic - Upper Cretaceous carbonate sequence and the Oligocene - Lower Miocene flysch 
sediments (Bornovas, 1964; IGRS-IFP, 1966). The Ionian unit is considered to be the para-
autochthonous unit of Lefkas. Its western boundary is the west-directed Ionian overthrust onto Paxoi 
unit (Aubouin, 1959; Jacobshagen, 1986) (Fig. 2a). Paxoi unit is the most external unit of the 
Hellenides originated from the western external part of the huge External Carbonate Platform of the 
Hellenides (Papanikolaou et al., 2004). From the stratigraphic point of view, Paxoi unit constitutes 
a neritic carbonate platform from Jurassic to Miocene (Bornovas, 1964; BP, 1971; Rondoyanni, 
1997; Lekkas et al., 1999, 2001). Marly formations and turbiditic limestones were formed during 
Early Miocene (Aquitanian). Moreover, clays and marls were deposited in Burdigalian and in 
Middle Miocene and it is therefore generally accepted that Paxoi unit lacks the typical flysch 
sedimentation of the other geotectonic units of the H1 terrane. Paxoi formations are observed in the 
central- and south-western part of Lefkas and extends eastwards under the Ionian formations (BP 
Co, 1971) (Fig. 2a). The molassic formations of Lefkas comprise mostly marine Aquitanian-
Tortonian (Bornovas, 1964; Lekkas et al., 2001) marls, bioclastic limestones, conglomerates and 
sandstones that are unconformably overlying the deformed Ionian formations and few outcrops of 
Ionian flysch turbidites (Cushing, 1985; Rondoyanni, 1997; Triantafyllou, 2010). Molassic 
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formations can be seen in northeastern Lefkas, especially in the areas of Karya, Lazarata and 
Katouna villages, in the area north of Nydri and in southern Lefkas in a narrow elongated zone 
between Vassiliki and Nydri villages (Fig. 2a). Smaller outcrops are observed in the central part of 
Lefkas (Fig. 2a). The transgressive formations of this sequence observed northeast of Vassiliki 
village have been affected by the tangential (horizontal) tectonic movements that took place on the 
island. This fact allows the consideration of the above sequence as molasse. The recent formations 
of Lefkas are Quaternary deposits uncomformably overlying its alpine and molassic formations. 
They comprise lagoonal deposits, alluvial deposits, scree, talus cones, terra rossa and coastal 
deposits. Extensive occurrences of recent formations are the alluvial deposits in the areas of Lefkas 
town, Nydri and Vassiliki villages and the lagoonal deposits in the area around Lefkas Lagoon and 
Vlicho Bay (Fig. 2a). 
The current geodynamic setting has been established on Lefkas Island after the completion of 
tangential movements and prevails throughout Pliocene - Quaternary times. It is expressed by a 
dense net of faults crossing not only the alpine formations of the Ionian and Paxoi geotectonic units 
but also the unconformably overlying formations. This net of faults created a complex system of 
independent fault blocks which are the following: 
(a) The neotectonic unit of Lefkas town (unit 1 in Fig. 2b) is a graben located in the northeastern part of 
the island where Lefkas town is situated. It is a wide almost flat area comprising Quaternary formations 
and especially alluvial deposits unconformably covering the underlying marine and lagoonal formations. 
It is bounded to the south by the Frini-Apolpaena fault zone (FAFZ in Fig. 2a, 2b). 
(b) Tsoukalades-Katouna neotectonic unit (unit 2 in Fig. 2b) is a horst located south of the previous 
neotectonic unit of Lefkas town. It is composed of Ionian carbonates in its western part and molassic 
formations and recent deposits in its eastern part. It is bounded to the north by the Frini-Apolpaena 
fault zone, to the south by the Pigadisanoi-Fraxi fault zone (PFFZ in Fig. 2a, 2b) and to the west by 
the Tsoukalades-Agios Nikitas fault zone (TANFZ in Fig. 2a, 2b) along the western coastal margin 
of the unit. The Pigadisanoi-Fraxi fault zone comprises NW-SE striking faults that also suggest 
significant horizontal component in the movement, while the Tsoukalades-Agios Nikitas fault zone 
comprises N-S and NE-SW striking faults. The uplift movements of this neotectonic unit have 
resulted in remarkable incision in gorges of Tsoukalades area occurred in the westen part of the horst. 
Marine and coastal breccia and conglomerates of Upper Miocene (Bornovas, 1964) or Early 
Pliocene (IFP-IGEY, 1966) age occurred in the eastern part of this unit, few meters above sea level 
and they are indicative of these uplift movements (Lekkas et al., 1999, 2001). 
(c) Agios Nikitas neotectonic unit (unit 3 in Fig. 2b) is a small horst located in the northwestern part 
of the island. It comprises Ionian carbonates and it is bounded to the east by the Agios Nikitas fault 
zone and to the west by an almost N-S striking fault zone parallel to the coast. 
(d) Drymonas neotectonic unit (unit 4 in Fig. 2b) located east of Agios Nikitas neotectonic unit is 
composed of Ionian carbonates, cherts and schists as wells as recent deposits and especially scree 
along its eastern margin. It is bounded to the west by the Agios Nikitas fault zone, to the east by the 
N-S striking Drymonas fault zone (DFZ in Fig. 2a, 2b) and to south by the NW-SE striking 
Kalamitsi-Exantheia fault zone (KEFZ in Fig. 2a, 2b). 
(e) Mega Oros - Skaroi neotectonic unit (unit 5 in Fig. 2b) located east of Drymonas neotectonic 
unit consists of Ionian formations including the carbonate sequence, cherts and schists and the flysch 
sequence as well as recent deposits including alluvial deposits and terra rossa. It is bounded to the 
north by the NW-SE striking Pigadisanoi-Fraxi fault zone and to the south by the NE-SW striking 
Sivros-Nidri fault zone (SNFZ in Fig. 2a, 2b). This neotectonic unit constitutes a structurally 
complex macrostructure due to the fact that it is crossed by numerous mainly N-S and NE-SW 
striking faults resulting in smaller blocks characterized by different relative movements. 
(f) Vlicho - Poros neotectonic unit (unit 6 in Fig. 2b) located in the southeastern part of the island 
includes Ionian carbonates and flysch, molassic formations and recent deposits including alluvial 
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deposits and scree. It is bounded to the northwest by the NE-SW striking Sivros - Nidri fault zone 
and to the southeast by the NW-SE striking Syvota - Sivros fault zone (SSFZ in Fig. 2a, 2b). This 
unit can be also divided into smaller fault blocks with different relative movements, namely the 
Lainaki mountain and the Vlicho and Poros peninsulas (LMT, VP and PP in Fig. 2b respectively). 
(g) Vassiliki neotectonic unit (unit 7 in Fig. 2b) located in the southern-central part of the island is 
composed of Ionian carbonates and flysch, molasse and alluvial deposits. It is bounded to the 
northwest by the NE-SW striking Vassiliki fault zone (VAFZ in Fig. 2a, 2b) which is the 
southwestern prolongation of the Sivros-Nidri fault zone and to the northeast by the NW-SE striking 
Syvota-Sivros fault zone. This unit is also divided into smaller units like the Maradochori-Achrada 
unit, Sikero unit and Lipsopyrgos peninsula (MAU, SU, LP in Fig. 2a, 2b respectively).  
(h) Lefkata neotectonic unit (unit 8 in Fig. 2b) located in the southwestern part of the island comprises 
Jurassic-Miocene limestones and Miocene marls of Paxoi unit as well as scree. It is bounded to the 
north by the NW-SE striking Kalamitsi-Exantheia fault zone and the Ionian overthrust onto Paxoi unit, 
to the east by the NE-SW striking Vassiliki fault zone and to the west by the dextral strike-slip Athani 
fault zone (AFZ in Fig. 2a, 2b). It also comprises smaller units such as the Dragano-Athani graben 
which is bounded to the west and east by NNE-SSW striking faults (Fig. 2a, 2b). 
3. Earthquake environmental effects 
3.1. Ground cracks 
The ground cracks induced by the 2015 Lefkas earthquake are classified as secondary earthquake 
environmental effects induced by the ground shaking. They were mostly observed on paved asphalt 
roads constructed in areas comprising mainly Upper Cretaceous limestones of Paxoi unit and 
secondarily Miocene marls of Paxoi unit, molassic formations and Upper Triassic - Lower Jurassic 
limestones of Ionian unit. In general, their length ranged from 5 to 10 m and their width was up to 1 
cm and they were observed close to active faults, geotechnically unstable zones and the Ionian 
overthrust onto Paxoi unit. They accompanied by extensive damage to road network and limited 
damage to adjacent structures such as retaining walls and house perimeter stone or concrete walls. 
They were observed at various strikes: N15°E striking ground cracks in the western part of 
Tsoukalades-Katouna unit, N35°-60°E, N90°-110°E (Fig. 3a), N130°-145°E striking ground cracks 
in Dragano-Athani graben, N45°E in an area located northeast of Porto Katsiki beach, N10°-70°E 
and N105°-140°E striking ground cracks in the southern onshore tip of Athani fault, N160°-180°E 
striking ground cracks in an area located 2 km east of Dragano village, N30°-44°E and N155°E 
striking ground cracks in Vassiliki port (Fig. 2a). 
3.2. Slope movements 
The 2015 Lefkas earthquake triggered numerous slope movements in the western part of the island 
and more specifically in the western part of the Tsoukalades-Katouna neotectonic unit and in the 
neotectonic units of Agios Nikitas, Drymonas and Lefkata peninsula (Fig. 2a). On the contrary, such 
phenomena did not occur in the other neotectonic units that form the northern, central and eastern 
part of the island (Fig. 2a). These phenomena can be classified into rockfalls and landslides. Most 
of them remained active for a long time after the main earthquake mainly due to the recently 
established instability conditions and the ongoing aftershock sequence including earthquakes with 
magnitude equal to or larger than 4.0 and epicenters determined close to the western part of the 
island (AUTH, 2015). 
Slope movements mainly induced in the western part of Lefkas were mainly observed along the 
western coastal part of the island (Fig. 2a) which presents N-S to NNE-SSW trending linear 
development. This part comprises alpine formations and recent deposits (Fig. 2a). The alpine 
formations comprise the carbonate rocks and the atypical flysch of Paxoi unit and the carbonate 
rocks of Ionian unit. The recent deposits include recent coastal formations composed of sand along 
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narrow beaches and scree along faults running along the coastal area extended from Tsoukalades 
area located northwards to Porto Katsiki located southwards (Fig. 2a, 2b). 
 
Figure 2 - (a) Neotectonic map of Lefkas Island based on Lekkas et al. (1999, 2001) and 
Rondoyanni et al. (2012). FAFZ: Frini-Apolpeana fault zone, TANFZ: Tsoukalades-Agios 
Nikitas fault zone, ANFZ: Agios Nikitas fault zone, DFZ: Drymonas fault zone, PFFZ: 
Pigadisanoi-Fraxi fault zone, KEFZ: Kalamitsi-Exantheia fault zone, AFZ: Athani fault 
zone, SNFZ: Sivros-Nydri fault zone, VAFZ: Vassiliki fault zone, SSFZ: Syvota-Sivros fault 
zone, (b) The neotectonic units of Lefkas. Neotectonic faults dissected the island. They are 
mainly normal or strike-slip faults with a sinistral or dextral sense of shear and they are 
classified into active, probably active and inactive structures (Lekkas et al., 1999, 2001). 
These neotectonic units are composed of smaller units. 
The tectonic structure of the western coastal part of Lefkas is characterized by the presence of active 
faults (Cushing, 1985; Lekkas et al., 1999, 2001; Rondoyanni et al., 2012) (Fig. 2a, 2b) that play 
decisive role in the formation and the evolution of Lefkas. Additionally, they form a geotechnically 
unstable region characterized by high and steep slopes and scarps, fractured and brecciated rock 
mass and suitable geometry of beds and discontinuities. It is clearly evident that the tectonic activity 
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in this area increased the inclination of the coastal slopes varying in height from 100 to 600 m. The 
combination of (a) the endogenic processes including tectonic deformation of the crust and resulting 
in the lithological heterogeneity and the mechanical anisotropy of the alpine and recent formations 
with (b) the exogenic processes comprising repeated cycles of mechanical, chemical and organic 
weathering and fluvial, marine and aeolian erosion contribute to the decreased cohesion and 
formations loosening along the steep coastal slopes. Thus, Porto Katsiki (Fig. 3b, 3c), Ergemni, 
Kalamitsi, Kathisma, Agios Nikitas and Pefkoulia areas are highly susceptible to the generation of 
slope movements. Because of the large volume of unstable sediments created by slope movements 
or the probable poor dimensioning (energy, height and position) of protection barriers, anchoring 
and foundations, the rockfall protection works were in some places partially destroyed, while in 
others totally destroyed (Fig. 3d, 3e, 3f) resulting in destruction of the asphalt pavement and 
temporary or permanent traffic disruption. 
3.2.1. Eastern part of the neotectonic unit of Lefkata peninsula 
The eastern part of Lefkata peninsula is characterized by a fault characterized as probably active by 
Lekkas et al. (1999, 2001) (Fig. 2b). It juxtaposes Upper Cretaceous limestones of Paxoi unit against 
Miocene marls of the atypical flysch of the same unit forming extensive scree. It constitutes the main 
reason for the NNE-SSW trending linear development of the eastern coastline of Lefkata peninsula 
(Fig. 2b) and for fracturing and fragmentation of the alpine formations of Paxoi unit in this area. 
Slope movements were also generated in the eastern part of neotectonic unit of Lefkata peninsula 
along the aforementioned probably active fault (Fig. 2a). They were classified into rockfalls and 
landslides. They caused partial damage to the road network including cracks and craters in the 
pavement and deformation of road protection barriers as boulders bounced along the street as well 
as traffic disruption. Unfortunately, rockfalls generated in Ponti village caused the loss of an adult 
woman when loose limestone blocks were detached from the adjacent steep limestone slopes and 
went through the infill walls of her home. 
3.2.2. Central-western part of Lefkas 
The central-western part of Lefkas is dominated by the presence of the Ionian overthrust onto Paxoi 
unit (Fig. 3g). This tectonic structure creates rugged morphology with steep slopes, a dense net of 
discontinuities and sectors of decreased cohesion and formations loosening immediately in front of the 
overthrust (Fig. 3g). All these aggravating factors made the area along the front of the Ionian overthrust 
onto Paxoi unit highly susceptible to the generation of slope movements. Thus, slope movements 
including rockfalls and landslides were triggered by the 2015 Lefkas earthquake (Fig. 2a). 
3.2.3. Dragano-Athani neotectonic graben 
Dragano-Athani graben is a relatively small neotectonic unit inside the major neotectonic unit of 
Lefkata peninsula. It is bounded to the west and east by NNE-SSW striking faults cutting Upper 
Cretaceous limestones of Paxoi unit. More specifically, the Dragano-Athani graben is located east 
of the dextral strike-slip Athani fault, which has impressive similarity of geometric and kinematic 
characteristics with those of the Lefkas segment of the CTFZ (Rondoyanni et al. 2012). The Upper 
Cretaceous limestones of Paxoi unit are highly tectonized by the abovementioned active structures 
resulting in their disintegration into small fragments or their decomposition into powder. Under these 
geological and geotechnical conditions and the resulting high susceptibility to slope movements, 
landslides occurred in the area north of Athani village during the 2015 Lefkas earthquake (Fig. 2a). 
3.3. Near-surface liquefaction phenomena 
Large damage was induced by the earthquake in Vassiliki port located in the southwestern part of 
the island (Fig. 2a) and comprised displacements and rotations of the quay seawalls, extensive 
longitudinal cracking of pavements and sidewalks behind seawalls and subsidence near the 
waterfront (Fig. 3h, 3i 3j). These phenomena are considered as evidence of near-surface liquefaction 
in the area of Vassiliki port. However, common manifestation of liquefaction induced by previous 
http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 23/03/2020 06:18:33 |
506 
 
earthquakes in Vassiliki port, such as sand boils and ground fissures with ejection of muddy water 
(Margaris et al., 2003; Papathanassiou et al., 2005), were not observed. 
 
Figure 3 - Secondary effects induced by the 2015 Lefkas earthquake: (a) N110°E striking 
ground cracks in Athani village causing damage to a perimeter stone retaining wall. Slope 
movements (b, c) in Porto Katsiki coastal area, (d, e, f) along the road from Tsoukalades to 
Agios Nikitas and (g) along the Ionian overthrust onto Paxoi unit. (h, i) Extensive 
longitudinal cracking of pavements and sidewalks behind seawalls and (j) subsidence near 
the waterfront in Vassiliki port. 
4. Damage in building stock 
The building types in Lefkas are the following: (a) one- or two-storey stone masonry buildings, (b) 
one - to three-storey traditional wood buildings, (c) traditional buildings with dual structural system, 
(d) one- to five-storey modern reinforced concrete (R/C) buildings and (e) Middle Age and later-era 
buildings (Karakostas et al., 2005; Makarios and Demosthenous, 2006, 2015; Vintzileou, 2011; 
Vintzileou et al., 2007; Kouris and Kappos, 2015). 
The 2015 Lefkas earthquake was localized in the neotectonic structure of Lefkata peninsula in the 
southwestern part of Lefkas Island in general and villages located in Dragano-Athani neotectonic 
unit in particular. Athani, Dragano and Komili villages suffered most damage to their building stock 
and road, power and water supply infrastructures. Less damage was observed in the other villages 
of Lefkata peninsula (e.g. Agios Petros, Nikolis). 
All buildings constructed after the issue and the implementation of the first Greek seismic code of 
1959 showed good performance during the 2015 Lefkas earthquake since none of them collapsed. 
R/C buildings were affected not so much by the earthquake itself but by the generation of secondary 
effects. In Ponti village located west of Vassiliki bay, a boulder detached from the adjacent steep 
limestone slopes rolled down toward village and went through the infill walls of an R/C building 
(Fig. 4a). In Agios Nikitas village located in the northwestern coastal part of Lefkas, an R/C building 
was found on the edge of a slope and at risk of collapse (Fig. 4b). 
On the contrary, severe damage was observed generally in buildings constructed without any seismic 
provisions before 1959 and especially in stone masonry buildings. These buildings suffered damage 
ranging from large and extensive cracking in most load-bearing walls, detachment of roof tiles and 
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plasters from the stone masonry walls (Fig. 4c), serious failure of walls and partial structural failure 
of roofs and floors to total collapse of the building (Fig. 4d). Total collapses were observed in Athani 
and Dragano villages located in Dragano-Athani neotectonic graben. 
 
Figure 4 - (a, b) R/C buildings were affected not so much by the earthquake itself but by the 
generation of secondary effects. Stone masonry buildings with damage ranging from (c) 
cracking in the load-bearing wall to (d) total collapse of the structure. (e, f)Traditional 
building with dual structural system suffered partial collapse of masonry walls of the 
primary structural system of the ground floor, while the wooden frame of the secondary 
structural system successfully sustained vertical loads of the upper floor. (g) Total collapse of 
a church in Athani village. 
It is significant to note that the traditional buildings with dual structural system performed well during 
this earthquake too. Some structures that are still in use in the earthquake affected area and in particular 
in Athani and Dragano villages suffered partial collapse of the stone masonry walls of the primary 
load-carrying system of the ground floor, while the wooden frame of the secondary load-carrying 
system successfully sustained vertical loads of the upper floor and thus the structures did not collapse 
(Fig. 4e, 4f). As far as the monumental buildings are concerned, churches suffered severe damage like 
extensive cracking of masonry load-bearing walls and partial or total collapse (Fig. 4g). 
5. Conclusions 
The seismic activity in the region was essentially expected in medium-term time scale after the 2003 
earthquake in the northwestern part of Lefkas Island and the early 2014 earthquakes in the western 
part of Cephalonia Island. Between these earthquake affected areas, the tectonic stresses were not 
released for a long time after the 1948 Lefkas earthquake sequence. Instead, they were intensifying 
and accumulating each day until the generation of the 2015 Lefkas earthquake sequence. 
The 2015 Lefkas earthquake produced earthquake environmental effects in western Lefkas. These 
effects were classified as ground cracks, slope movements (rockfalls and landslides) and liquefaction 
phenomena. The observed ground cracks were of secondary origin and provoked by the ground 
shaking. The slope movements induced by the 2015 Lefkas earthquake were generated in 
geotechnically unstable zones (a) along the steep coastal slopes of the western part of the island, (b) 
along the steep slopes of the eastern part of Lefkata peninsula and (c) along the Ionian overthrust onto 
Paxoi formations. These geotechnically unstable zones are defined by the presence of active and 
inactive tectonic structures resulting in highly tectonized, disintegrated and almost powdered 
geological formations with suitable geometry of beds and discontinuities and steep slopes intensifying 
substantially the instability conditions of the area and increasing the susceptibility to slope movements. 
Liquefaction phenomena in the strict use of the term comprising the most common and typical 
manifestation (sand boils and ejection of sand/water mixture) were not induced by the 2015 Lefkas 
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earthquake. However, ground cracking and subsidence observed in coastal areas and port facilities of 
the southern part of Lefkas are attributed to near-surface liquefaction phenomena. 
From the buildings damage distribution induced by the 2015 Lefkas earthquake, it is clearly shown 
that damage was limited to buildings of Athani, Dragano and Komili villages located in the neotectonic 
unit of Lefkata peninsula. Among structures designed and constructed with no seismic provisions, the 
stone masonry buildings and monumental structures suffered most damage, while the traditional 
buildings with dual structural system performed relatively well and suffered minor damage. 
It is once again concluded that the western Lefkas is among the most susceptible areas to secondary 
earthquake-induced effects on the natural environment and damage to building stock. Similar 
distribution of secondary effects were also reported and recorded after previous historical and recent 
earthquakes in Lefkas area. More specifically, the western part of Lefkas including Agios Nikitas, 
Dragano and Athani areas has also suffered secondary EEE comprising subsidence during 1704, 
1914, 1948 and 2003 events, slope movements mainly landslides and rockfalls during 1783, 1885, 
1914, 1948 and 2003 events, ground cracking small in size and of secondary origin during 1704, 
1914, 1948 and 2003 and small-scale tsunamis during 1914 and 1948 events (Margaris et al., 2003; 
Lekkas et al., 2004; Papathanassiou et al., 2007; Rondoyanni et al., 2012). 
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